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Preface

In my career as an academician, political appointee (Assistant Secre-
tary for Health, 1981-1984), and health policy maker, I have rarely, if ever,
been involved in an activity of such magnitude as the one that resulted in
this report. The range of issues was broad, deep, and complex, spanning
from subcellular biochemistry and genetics to human behavior, health,
and public policy. Moreover, the recommendations that emanated from
our assessment of the research (and the programs that support it) have
the potential to directly affect the health, productivity, and quality of life
of millions of Americans.

The assessment of rehabilitation science and engineering that was
conducted by the committee required different methods of data collection
and analysis. Partly as a consequence of the breadth, depth, and complex-
ity of our task, but also out of a desire to be as comprehensive as possible,
the committee cast a broad net for the collection of information. Data on
current federal research projects were important, of course, but so were
informed opinions regarding needs, priorities, and the relative effective-
ness of federal research programs. Thus, the committee polled consumers
through various means, held focus groups with professional associations,
interviewed federal agency officials (past and present), and reviewed cur-
rent federal research activities. Collecting, organizing, and processing this
information was a formidable task in itself, and the Institute of Medicine
staff is to be commended for their efforts in supporting the committee’s
work in this regard. The committee is also indebted to numerous other
individuals and organizations who generously provided us with infor-

0
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mation and assistance during our deliberations. Appendix A of this re-
port contains the names of those who wrote background papers, partici-
pated in our meetings, made presentations, or otherwise assisted us in
our work. Special recognition for the fundamental roles that they played
in the initiation of this activity should be given to Senator Robert Dole, R.
Alexander Vachon, Philip Lee, Suzanne Stoiber, and Lynn Gerber.

As the committee began to draw conclusions, there was a general
sense of agreement on the shortcomings in the organization and adminis-
tration of federal research programs in disability and rehabilitation-re-
lated research. In summary, these were as follows: a need for improved
coordination, a need for more research, and a need for enhanced visibility
of rehabilitation-related research within the federal research programs.
Although I suspect that few will argue with the needs that are identified
and described in this report, I am sure that some will disagree with the
proposed solutions.

In developing these solutions, the committee’s calls for more research
and improved coordination were not made reflexively or out of mere self-
interest, but rather resulted from rather extensive debate and delibera-
tion. Coming to agreement on the recommendation for changes in the
organization and administration of the major programs was perhaps the
most difficult challenge. Developing a solution that would help ensure
both scientific rigor in research and responsiveness to consumers was the
priority, but political sensitivities could not be ignored. There was general
consensus that the federal government needed a strong coordinating
body, but the size, powers, and location of that body were all open to
debate. In this regard, as the largest and most visible of federal programs
supporting rehabilitation-related research, the National Institute on Dis-
ability and Rehabilitation Research (NIDRR) program received much at-
tention, and it is not without careful consideration that the committee
makes its recommendation to move the NIDRR program from the U.S.
Department of Education to the U.S. Department of Health and Human
Services. The committee considered and discussed many options in great
depth; disability and rehabilitation, after all, are education issues to many
people, but they are also labor issues and health issues. In the end it was
decided that placement at a higher administrative level within an agency
that could nurture its growth, help ensure its scientific development, and
facilitate its interaction with other related programs that proved to be the
winning argument.

In any event, it seems clear that although current efforts are generally
of high quality, they are nonetheless inadequate in the face of the needs of
the millions of Americans with potentially disabling conditions and the
annual costs that range in the neighborhood of $300 billion annually, to
say nothing of the emotional costs and the associated issues of quality of
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life. What is needed is an expanded and improved federal effort that will
enhance the visibility of disability and rehabilitation science, expand re-
search, and do both in a more coordinated fashion.

Finally, the committee feels strongly about the importance of enhanc-
ing the federal effort in rehabilitation science and engineering, and about
the recommendations that are made in this report for accomplishing this
objective. Implementing our recommendations for improving coordina-
tion, expanding research, and enhancing visibility will not only improve
the health and quality of life of millions of Americans, it is quite simply
the right thing to do. Such an enhanced effort will help ensure that the
best science is brought to bear on these issues in a well-coordinated and
efficient manner, with the ultimate result of Enabling America.

Edward N. Brandt, Jr., Chair

Committee on Assessing Rehabilitation
Science and Engineering
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Executive Summary

ABSTRACT

In response to a request from the U.S. Congress, the Institute of Medicine prepared a
report that (1) assesses the current knowledge base in rehabilitation science and engineer-
ing; (2) evaluates the utility of current rehabilitation models; (3) describes and recom-
mends mechanisms for the effective transfer and clinical translation of scientific findings
that will promote health and health care for people with disabling conditions; and (4)
critically evaluates the current federal programmatic efforts in rehabilitation science and
engineering.

The report describes general priorities for rehabilitation science and engineering as (1)
strengthening the science, (2) focusing on the enabling—disabling process, and (3) trans-
ferring technology. The report also describes a new model of the enabling—disabling pro-
cess, including clear reference to the importance of the environment in causing, prevent-
ing, and reducing disability.

Limited visibility, support, and coordination of existing federal research programs are
described as major issues of concern. Moreover, the large annual costs (approximately
$300 billion—more than 4 percent of the gross domestic product) associated with disabil-
ity and rehabilitation are in stark contrast to the relatively small amount of funding
($133 million) that supports the major federal programs of research in rehabilitation
science and engineering.

To address these concerns, the report recommends that the National Institute on Dis-
ability and Rehabilitation Research program be relocated from the U.S. Department of
Education to the U.S. Department of Health and Human Services, where it would more
effectively serve as the foundation of a new Agency on Disability and Rehabilitation
Research that would have enhanced authority for coordinating federal research programs.

1
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2 ENABLING AMERICA

The United States has long judged the success of its efforts to improve
the health of its citizens on the basis of mortality statistics. Gains in hu-
man longevity, however, have been accompanied by increases in the inci-
dence and prevalence of disabling conditions. At this point in the evolu-
tion of the nation’s health care system, emphasis has begun to shift from
the quantity of life to the quality of life. As a result, attention is now being
focused not only on the prevention and treatment of disease and injury
but also on rehabilitation and health promotion for people with disabling
conditions.

The population of people with disabilities is sizable in the United
States—49 million Americans or about one of every seven citizens has
some type of disabling condition. Approximately one third of these people
have a disabling condition so severe that they are unable to carry out the
major activities of their age group, such as attending school, working, or
providing self-care. About another third are restricted in their major ac-
tivities, and the remaining third are limited in other types of activities. In
1992, about one quarter of all disabling conditions stemmed from impair-
ments such as sensory impairments, paralysis, or mental retardation, and
the remaining three quarters were due to diseases or disorders such as
emphysema, heart disease, or arthritis.

The economic costs associated with disability are enormous. Ex-
pressed in 1994 terms, the medical care expenditures (direct costs) amount
to approximately $160 billion, and the indirect costs (lost productivity)
amount to approximately $155 billion, for a grand total of over $300 bil-
lion annually—more than 4 percent of the gross domestic product. Cost
savings, as well as clinical benefit, however, are clearly associated with
early, aggressive intervention, vigilant and knowledgeable monitoring of
chronic conditions, and appropriate use of assistive technology.

With a clear understanding of the importance of effective rehabilita-
tion and an appreciation of the advances in rehabilitation science, Senator
Dole (1995) stated the following in requesting an Institute of Medicine
(IOM) study of federal programs in rehabilitation research:

Advances in rehabilitation science are essential to realizing the Nation’s
commitment to equal opportunity, economic self-sufficiency, and full
participation of Americans with disabilities. There are important ques-
tions of the adequacy of Federal efforts in both meeting the needs of the
rapidly growing number of Americans with disabilities, and in realizing
the new opportunities of science and technology on behalf of people
with disabilities. The committee believes an independent assessment of
the current Federal efforts in rehabilitation science and engineering is
warranted and requests that the Secretary [of Health and Human Servic-
es] make appropriate arrangements with the Institute of Medicine . . . to
undertake such a review.
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In response to this request, the Institute of Medicine assembled this com-
mittee to address the following questions:

* What is the current content, quality, and adequacy of the knowl-
edge base in rehabilitation science and engineering?

* How useful are current disability models, and do they reflect the
interdisciplinary and multidisciplinary nature of rehabilitation and the
importance of environmental factors in mediating disability?

* What is the best way to effectively translate scientific findings into
clinical benefits for people with disabilities and disabling conditions?

* How productive, relevant, and well-coordinated are current fed-
eral research efforts in rehabilitation science and engineering?

Following a brief description of concepts and definitions, the remain-
der of this summary presents an overview of the committee’s responses to
these questions and a summary of the committee’s conclusions and rec-
ommendations.

CONCEPTS, DEFINITIONS, AND MODELS

Rehabilitation is the process by which physical, sensory, or mental
capacities are restored or developed. This is achieved not only through
functional change in the person, such as strengthening injured limbs, but
also through changes in the physical and social environments, such as
making buildings accessible to wheelchairs. Rehabilitation strives to re-
verse what has been called the disabling process, and may therefore be
called the enabling process.

An overview of the enabling and disabling processes, and how dis-
abling conditions affect a person’s access to the environment is shown in
Figure 1. Access to the environment, depicted as a square, represents both
physical space and social structures (family, community, society). The
person’s degree of physical access to and social integration into the gener-
alized environment is shown as degree of overlap of the symbolic person
and the environmental square. A person who does not manifest disability
(Figure 1a) is fully integrated into society and has full access to both: (1)
social opportunities (e.g., employment, education, parenthood, leader-
ship roles) and (2) physical space (e.g., housing, workplaces, transporta-
tion). A person with disabling conditions has increased needs (shown as
the increased size of the individual) and is dislocated from their prior
integration into the environment (Figure 1b).

The enabling (or rehabilitative) process attempts to rectify this dis-
placement, either by restoring function in the individual (Figure 1c) or by
expanding access to the environment (Figure 1d) (e.g., building ramps).
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This does not mean to imply that functional restoration and environmen-
tal modification (sometimes characterized as cure and care) are mutually
exclusive. Indeed, the most effective rehabilitation programs include both.
This overview model separates the two only to illustrate that disability is
the interaction between the disabling conditions of an individual and the
environment, and therefore strategies that affect either the environment
or the disabling conditions can affect disability.

Rehabilitation science and engineering, as defined in this report, is the
field of study that encompasses basic and applied aspects of the health
sciences, social sciences, and engineering related to restoring functional
capacity in a person and improving their interactions with the surround-
ing environment. This term reflects the synergistic importance of both
science and engineering in advancing rehabilitation efforts and address-
ing the needs of people with disabling conditions. What is unique about
rehabilitation science and engineering is the melding of knowledge from
several disciplines to understand the fundamental nature of the enabling—
disabling processes, that is, how disabling conditions develop, progress,
and reverse, and how biological, behavioral, and environmental factors
can affect these transitions.

Disability Models

As originally described by Saad Nagi in the 1950s and refined most
recently in the 1991 IOM report Disability in America, the disabling process
has four major components: pathology, impairment, functional limita-
tion, and disability (see Table 1). Pathology refers to molecular, cellular, or
tissue changes caused by disease, infection, trauma, congenital condi-
tions, or other factors. An example is the death of spinal cord neurons
following injury. Impairment occurs at the organ or organ systems level
and results in an individual’s loss of a mental, physiological, or biochemi-
cal function, or abnormalities in these functions. Functional limitation is an
inability or hampered ability to perform a specific task, such as climb a
flight of stairs.

A disability is defined as a limitation in performing certain roles and
tasks that society expects of an individual. It is the expression of the gap
between a person’s capabilities and the demands of the environment—
the interaction of a person’s limitations with social and physical environ-
mental factors. Many disabling conditions are thus preventable or revers-
ible with proper and adequate rehabilitation, including environmental
modification. A secondary condition is any additional physical or mental
health condition that occurs as a result of having a primary disabling
condition. Secondary conditions quite often increase the severity of an
individual’s disability and are also highly preventable.
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TABLE 1 Concepts of Pathology, Impairment, Functional Limitation,
and Disability (IOM, 1991)

Pathology

Impairment

Functional
Limitation

Disability

Definition

Interruption or
interference of
normal bodily
processes or
structures

Level of Reference

Cells and tissues

Example

Denervated
muscle in arm
due to trauma

Loss and/or
abnormality of
mental, emotional,
physiological, or
anatomical
structure or
function: includes
all losses or
abnormalities, not
just those
attributable to
active pathology;
also includes pain

Organs and organ
systems

Atrophy of muscle

Restriction or lack
of ability to
perform an action
or activity in the
manner or within
the range
considered normal
that results from
impairment

Organism—
action or activity
performance
(consistent with
the purpose or
function of the
organ or organ
system)

Cannot pull with
arm

Inability or
limitation in
performing socially
defined activities
and roles expected
of individuals
within a social and
physical
environment

Society—

task performance
within the social
and cultural context

Change of job; can
no longer swim
recreationally

With this in mind, the committee enhanced the 1991 IOM model
to show more clearly how biological, environmental (physical and
social), and lifestyle /behavioral factors are involved in reversing the
disabling process, i.e., rehabilitation, or the enabling process. The en-
hancements include bidirectional arrows between the various states
of the enabling—disabling process to indicate that the disabling pro-
cess (described in the 1991 IOM model) can be reversed with proper
interventions (i.e., the enabling process; see Figure 2). The model also
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The Enabling-Disabling Process

Transitional Factors

Biology

Lifestyle and
Behavior

No Functional

No @ @
Disabling Pathology | (f') | impairment | CY) Limitation
Condition

Quality
of
Life

FIGURE 2 Modified IOM model. The Disability in America model (Institute of
Medicine, 1991) is revised to include bidirectional arrows and a state of “no dis-
abling condition,” and to show transitional factors and quality of life interacting
as part of the enabling-disabling process. The state of “disability” does not ap-
pear in this model since it is not inherent in the individual but, rather, a function
of the interaction of the individual and the environment.
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The Enabling-Disabling
Process

Physical
Environment Social

Environment

The
“Environment”

The
“Environment”

The

“Person—Environment
Interaction”

FIGURE 3 The person—environment interaction. The enabling—disabling process
is depicted as being an active part of the individual person. The physical and
social environments are depicted as a three-dimensional mat, with social factors
on one side and physical factors on the other. The interaction of the person and
the “environmental mat” is depicted as a deflection in the mat.

includes a new category—no disabling conditions—to indicate that
complete rehabilitation is feasible.

To help clarify the fact that disability is not inherent in the individual,
but rather is a product of the interaction of the individual with the envi-
ronment, disability does not appear in Figure 2. Figures 3 and 4 show
more accurately the committee’s interpretation of disability as a function
of the interaction of the person with the environment. More specifically,
the fact that the amount of disability that an individual experiences re-
sults in large part from the quality of the surrounding environment—for
example, whether appropriate and adequate care is accessible and
whether a social support network is in place. Thus, for any given limita-
tion in function, the amount of disability that one experiences will depend
on the quality of the social and physical environment.

REHABILITATION SCIENCE AND
ENGINEERING RESEARCH

As defined and described in this report, the major realms of knowl-
edge and research within rehabilitation science and engineering are pa-
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Disability is a function of the interaction between the
person and the environment
THE "PERSON" (with potentially disabling conditions)

Physical Environment
AN Social Environment

DISABILITY »//////, ENVIRONMENT

The Strength/resilience of
the flexible mat (environment)
is a function of social support,

culture, physical barriers,
assistive technology, etc.

Amount of disability

is proportional

to amount of

displacement in the mat. Physical Environment

Social Environment

DISABILITY -

FIGURE 4 Disability as displacement of the environmental mat. The amount of
disability that a person experiences is a function of the interaction between the
person and the environment. The amount of displacement in the environmental
mat is a function of the strength of the physical and social environments that
support an individual and the magnitude of the potentially disabling condition.
The amount of displacement represents the amount of disability that is experi-
enced by the individual.

thology, impairment, functional limitation, and disability. Rehabilitation-
related research in these areas are summarized below, followed by a sec-
tion on health services research.

Pathology and Impairment Research

Rehabilitation-related research in pathology and impairment focuses
on the altered function of molecules, cells, organs, and organ systems as it
relates to human functional limitations and disabilities, including mecha-
nisms for the recovery of, or compensation for, such altered function. A
number of sciences contribute to this research, including medicine, physi-
ology, cell biology, neuroscience, developmental biology, gerontology,
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biochemistry, genetics, molecular biology, pharmacology, engineering
and physical sciences, social and behavioral sciences, and health sciences.
Genetics and molecular biology, for example, offer powerful investigative
techniques that can be used to provide an understanding of the causes
and nature of some inherited disabling diseases. This area of research also
holds promise for generating biological markers and animal models for
these diseases, as well as the means for replacing or restoring the func-
tions of defective or missing genes. Genetics research may also lead to the
development of the capacity for regrowth of cells, organs, or limbs.

One of the contributions of engineering to rehabilitation science and
engineering is within the realm of creating altered, supportive environ-
ments (external or internal) for people with disabling conditions. These
engineered environments limit or reverse the functional manifestations of
pathology and organ impairment by compensating for or replacing the
altered or lost function with engineered structures and devices. The ma-
jority of current rehabilitation engineering research is in the fields of ma-
terial sciences, biomedical engineering, and engineering technology de-
velopment. Research in the development of prosthetics and orthotics,
implantable lenses and pacemakers, and implantable drug delivery sys-
tems are some examples of engineered devices that reduce or eliminate
impairment and improve function.

Recent findings in neuroscience and medicine hold promise for help-
ing prevent and reverse neurological impairments, which are major causes
of disabling conditions. Many of the therapeutic advances in this area
have centered on preventive, regenerative, and restorative therapies for
spinal cord and brain injuries. For example, a number of drugs given
shortly after traumatic brain or spinal cord injury can significantly im-
prove neurological recovery. Other compounds have been shown in labo-
ratory and animal studies to foster the regeneration of severed spinal cord
tissue and restore lost motor functions. An understanding of the neuronal
control of skeletal muscle contractions should also prove to be useful to
researchers trying to artificially mimic that control with electrical devices
for individuals with paralysis. Pharmacological and physical therapies
for relaxation of skeletal muscles also are being developed and show
promise for relieving the prolonged and often painful muscle contrac-
tions associated with various disabling conditions. In addition, recent
studies with animals suggest that recovery of function of muscles atro-
phied as a result of a lack of use due to injury or illness is possible with
appropriate exercise.

Functional Limitation Research

Functional limitation is the expression of a potentially disabling con-
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dition at the level of the whole organism, and functional limitation re-
search focuses on limiting or preventing disability by improving the ca-
pacity to perform specific activities.

Spinal dysfunction in general and back pain in particular, because
they limit the ability to lift and to be generally active, are leading causes of
functional limitation and potential disability. Among the research efforts
that hold promise in this area are those that seek to determine the most
mechanically efficient and least impairment-provoking means of lifting.
The engineering of orthotic support structures, for example, offers poten-
tial assistance in this area.

Another important area of functional limitations research focuses on
elimination in people who lack bladder and bowel control due to spinal
cord injury, stroke, multiple sclerosis, prostate cancer, or other causes.
New biomedical engineering approaches offer promising means of con-
trolling micturition and defecation through implanted stimulators with
external controls that can markedly reduce the limitations placed on indi-
viduals who sometimes find it difficult to work or travel because of conti-
nence problems.

Other common functional limitations include those associated with
hearing and vision loss. Although research has defined many of the pa-
thologies and impairments associated with many of these limitations,
important research remains in understanding how damage to the visual
pathways affects functional limitations. This may lead to the develop-
ment of visual training programs, behavioral strategies, and environmen-
tal adaptations that can contribute to the optimal functioning of individu-
als with such disabling conditions. Science and engineering has developed
low-vision aids, text-to-speech reading machines, advanced mobility and
guidance aids, and other assistive devices for those with vision loss.

Another important research area centers on improvements to hearing
aid devices and the rehabilitation strategies that put them to optimal use.
Research in this area focuses on several levels, including the cellular level
(e.g., improved electrodes for cochlear implants), signal processing level
(e.g., improved digital processing software for enhancing speech perception
with computer-based hearing aids), assessment level (e.g., physiologically
based techniques for detecting and quantifying hearing impairments in neo-
nates), and behavioral level (e.g., alternative communication skills).

Disability Research

Whether or not a particular physical condition is disabling to a par-
ticular individual depends on the natural and built environments, the
culture of a society or the subculture of a group, the political, economic, or
familial structures of a society, and the intrapersonal processes of an indi-
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vidual. Providing the physical and social environmental adaptations and
supports that a person with a potentially disabling condition needs can
often ameliorate those conditions and facilitate full participation in soci-
ety. Universal design and universal engineering of environments and
equipment to meet the physical needs of a wide range of abilities clearly
has many advantages. Social and behavioral sciences provide an under-
standing of the social variables that affect disability. Designing rehabilita-
tion programs so that they maximize the consumer’s psychological con-
trol can be an important step in preventing disability and facilitating
rehabilitation.

Despite the growing recognition of the importance of the environ-
ment in determining the prevalence and severity of disability, the com-
mittee could find relatively little research that explicitly focused on the
effects of the environment in producing or reducing disability.

Health Services Research

Health services research, with respect to rehabilitation, focuses on
how best to organize, deliver, and finance interventions for people with
disabling conditions. In general, there has been little interaction between
the fields of health services research and rehabilitation science and engi-
neering. However, to the extent that health services research has included
disability and rehabilitation in its agenda, it has focused primarily on
issues regarding the care of children and elderly people; few studies have
focused on the needs of working-age adults. Yet the number of working-
age adults is growing faster than any other segment of the population of
people with disabling conditions.

The development of a more comprehensive health services research
agenda in rehabilitation science and engineering is particularly important
and timely because of the growing demand for rehabilitation services, the
changing expectations of both providers and consumers, and the contin-
ued interest in health care reform with an emphasis on cost-containment
and value. New approaches to the organization, financing, and delivery
of health services are being proposed. The potential impacts of these
changes on access, quality, and outcomes of services for people with dis-
abling conditions need to be evaluated.

The committee identified three areas in which more research is par-
ticularly important if the field is to better ensure that people with disabili-
ties have access to the best possible care at costs that are affordable to the
individual consumer and to society as a whole. The three areas are: (1)
evaluate the cost-effectiveness of specific interventions as well as new
and existing approaches to the organization and delivery of services; (2)
understand better the primary health-care and long-term support needs
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of people with disabling conditions; and (3) evaluate the potential impact
of alternative models of managed care on access to and use of services,
quality of care, costs, and outcomes.

TECHNOLOGY TRANSFER

Technology transfer is the transmittal of developed ideas, products,
and techniques from a research environment to one of practical applica-
tion, and as such it is an important component of rehabilitation science
and engineering. Opportunities for initiating effective technology trans-
fer activities occur both at the beginning stages of a research project, and
at its end. The former involves bringing academic and industrial partici-
pants into a research program as partners who then have a stake in the
research and who are free to use or market the findings. The latter de-
pends on disseminating the findings of research to the greater industrial
or medical communities. Implementation usually consists of conferences,
publications, easily accessed databases, and other means of publicizing
the conclusions of research.

Many government agencies have programs that are designed to fa-
cilitate technology transfer. There is, however, no well-organized mecha-
nism for distributing research findings in rehabilitation science and engi-
neering to those providing services.

An important barrier to translating research into clinical practice is
simply the paucity of relevant research. In addition, little formal theory
exists in rehabilitation to guide researchers; practitioners’ clinical deci-
sion “knowledge” is often obtained from experience. Finally, the mecha-
nisms for effectively transferring the evidence that does exist to the prac-
ticing clinician and to the rehabilitation consumer are scarce.

REHABILITATION SCIENCE AND
ENGINEERING AS A FIELD OF STUDY

Rehabilitation science and engineering, defined in this report as
encompassing basic and applied aspects of the health sciences, social sci-
ences, and engineering as they relate to restoring human functional ca-
pacity and improving a person’s interactions with the surrounding envi-
ronment, is beginning to emerge as an organized, multidisciplinary field
of study. Three observations led to this conclusion. First, rehabilitation
science and engineering research is currently conducted within a variety
of health professional, basic science, and engineering disciplines. Second,
the multidisciplinary understanding of the enabling—disabling process
represents the overlap between the various and unique disciplines in
rehabilitation science, each with a distinct perspective on disability and
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rehabilitation. This common area of knowledge is the essence of the field
of rehabilitation science and engineering. Finally, the research in the sepa-
rate health, basic science, and engineering disciplines, although comple-
mentary, is not comprehensive or rigorously focused; each has more to
give and more to learn from a well-developed confluence of knowledge.
The organization of rehabilitation science and engineering as a field of
study will help to stimulate innovations and coordinate the growth of
knowledge from rehabilitation research.

As a field of study, rehabilitation science and engineering will not
replace any existing discipline or necessitate the removal of content or
research from the existing disciplines. It will, however, create new oppor-
tunities to coalesce the knowledge that is necessary to improve research
and be more responsive to the needs of people with disabling conditions.
By its nature, the emerging field of rehabilitation science and engineering
is both scientific and academic, but not professional, and does not require
the creation of a new category of health care professional. Its scientific
strength comes from its use of rigorous, objective methods to determine
acceptable knowledge and operation within the context of contemporary
empiricism (i.e., using deductive reasoning, objectivity, and theoretical
models). Likewise, rehabilitation science and engineering is a field of
study whose primary aim is to elucidate and understand phenomena.
With academic and scientific structure, rehabilitation science and engi-
neering will provide a focus for multidisciplinary research and generate a
common knowledge base for individuals working in a rehabilitation team.

ORGANIZATION AND ADMINISTRATION

For the purpose of assessing the combined adequacy of federal efforts
in addressing the health needs of people with disabling conditions, the
committee reviewed the five major federal programs that focus on reha-
bilitation-related research and the overall organization and administra-
tion of these programs. Currently, the spectrum of federal programs that
support research in rehabilitation science and engineering is such that
each program has a unique, worthwhile, and complementary mission.
The Centers for Disease Control and Prevention (CDC) investigates pre-
vention and secondary conditions, the National Science Foundation and
the National Center for Medical Rehabilitation Research (NCMRR) re-
search basic engineering and medical rehabilitation, respectively, the Na-
tional Institute for Disability and Rehabilitation Research (NIDRR) fo-
cuses on disability and the whole person in the environment, and the U.S.
Department of Veterans Affairs is able to tailor its research agenda to the
needs of its constituents. This represents a broad spectrum of rehabilita-
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NIDRR

48% CDC 7%
NSF 5%
Other
NCMRR
8%

National Institute on Disability and Rehabilitation

Research (NIDRR) $69,625,000
U.S. Department of Veterans Affairs (VA) 32,398,000
National Center for Medical Rehabilitation

Research (NCMRR) 11,707,000
Centers for Disease Control and Prevention (CDC) 9,500,000
National Science Foundation (NSF) 6,582,000
Other includes: 13,100,000
Architectural and Transportation Barriers

Compliance Board 300,000
Office of Disability, Aging, and Long-Term Care Policy 5,000,000
Social Security Administration 5,000,000
U.S. Department of Housing and Urban

Development, Office of Policy Development

and Research 100,000
U.S. Department of Transportation 2,700,000

FIGURE 5 Traditional view of federal spending in rehabilitation-related research.

tion research, with NIDRR representing 48 percent of the appropriated
funding (see Figure 5).

Further analysis of these programs—including the related efforts out-
side NCMRR at NIH—revealed certain trends in the overall federal re-
search effort in rehabilitation science and engineering (see Figures 6 and
7). Given the current constraints and limitations of funding, these find-
ings show a generally good balance of effort, but with most of the re-
search focusing on pathology and impairment, and a relatively smaller
proportion of research focusing on disability per se.
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Not Related
11%

Rehabilitation
Science
37%
Rehabilitation
Related (single state)
36%
Rehabilitation
Engineering
16%
Amount Number of Percent

Relevance Category Funded Projects Funding
Rehabilitation science $101,105,292 543 37
Rehabilitation engineering $44,129,995 293 16
Rehabilitation related (single state) $100,540,664 540 36
Not related $30,207,510 193 11
Totals $275,983,461 1,569 100

FIGURE 6 Percentage of overall research funding (not including center grants)
in four categories of relevance to rehabilitation research for the Fiscal Year 1995
program. Rehabilitation science: Projects that address movement among states in
the enabling-disabling process. Rehabilitation engineering: Projects that address
devices or technologies applicable to one of the rehabilitation states. Rehabilita-
tion related (single state): Projects that address one rehabilitation state exclusive-
ly. Not related: Projects that do not clearly address any rehabilitation state. For
additional information, see Appendix A in the full report.

In assessing a constellation of programs of this size and complexity,
with the overall mission of addressing health needs of such magnitude, it
is not surprising to find some apparent problems. Foremost among these
are the need for improved coordination among the various and numerous
federal research programs and the need for additional research in reha-
bilitation science and engineering that will help to improve the health,
quality of life, and productivity of the millions of Americans with dis-
abling conditions.

A series of options was considered for addressing the identified issues
and problems. Of prime interest was a strategy to improve what is presently
the largest program that focuses on disability and rehabilitation-related re-
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Rehabilitation States

- No Disabling Conditions
|:| Pathology
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|:| Impairment —
500 - - Functional Limitation
@ L1 Disabilty
3
= 400
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© 300
[0}
o]
§
= 200 -
100
Rehabilitation Rehabilitation Rehabilitation  Not Related Totals
Science Engineering Related

(single state)

Categories of Relevance

FIGURE 7 Number of abstracts within each category of relevance® that address
the specific states of the enabling-disabling process? for Fiscal Year 1995. NOTE:
Many abstracts address multiple states. For additional information, see Appen-
dix A in the full report.

7Rehabilitation science: Projects that address movement among states in the
enabling—disabling process. Rehabilitation engineering: Projects that address de-
vices or technologies applicable to one of the rehabilitation states. Rehabilitation-
related (single state): Projects that address one rehabilitation state exclusively.
Not related: Projects that do not clearly address any rehabilitation state.

’No disabling conditions: Research that addresses the state of function or use
of subjects with no disabling conditions to investigate mechanisms that are po-
tentially relevant to assessing and treating disabling conditions. Pathology: Re-
search that examines changes of molecules, cells, and tissues that may lead to
impairment, functional limitation, or disability, distinguished from pathology by
manifestation at organ or system level. Impairment: Research that analyzes chang-
es in particular organs, systems, or parts of the body. Impairment is distinguished
from functional limitation due to emphasis on organ and components instead of
whole body. Functional limitation: Research that examines functional changes
involving the entire subject, manifested by task performance. Disability: Research
that focuses on the interaction of the subject with and in the larger context of the
physical and social environment.
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search: NIDRR. The committee’s recommendation for how to accomplish
this is one of the three overarching recommendations that follow.

CONCLUSIONS AND OVERARCHING
RECOMMENDATIONS

The committee concludes that, given the large potential for improv-
ing the health, productivity, and quality of life for 49 million Americans,
the field of rehabilitation science and engineering receives disproportion-
ately inadequate attention from the federal government. The large annual
cost estimates (approximately $300 billion—more than 4 percent of the
gross domestic product) for disability and rehabilitation are in stark con-
trast to the relatively small amount of funding that is directed toward
research in rehabilitation science and engineering. Current expenditures
amount to less than $7 in research per year for each person with a dis-
abling condition, whereas the costs of disability due to expenditures for
health care and lost productivity are more than 1,000 times greater (ap-
proximately $7,500 per capita). Most importantly, however, significant
savings in health care costs, lost wages, and reduced emotional costs
could be realized by enhancing research in rehabilitation science and en-
gineering and improving the health, productivity, and quality of life of
people with disabling conditions.

With this in mind, three fundamental needs emerged from the
committee’s assessment and deliberations. The first is a need to recognize
rehabilitation science and engineering as an academic and scientific field
of study, the continued development of which will result in significant
contributions to the science and ultimately to consumers. The second is a
need to focus on a set of priorities for research that will advance the field
of study and improve the health, productivity, and quality of life for
people with disabling conditions. Perhaps most importantly, the third
need is to enhance the federal effort in rehabilitation science and engi-
neering by expanding research, raising visibility, and improving coordi-
nation. Three overarching recommendations on how to address these
needs are described below.

Recognize the Field of Study

Rehabilitation science and engineering is the body of knowledge that
exists at the confluence of multiple disciplines, drawing from and contrib-
uting to each one. At this point in the evolution of the science, there is a
sufficient knowledge base and level of research to organize a rigorous
scientific structure for the field. Such organization would facilitate accel-
erations in multidisciplinary education, training, and research, all of
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which would combine to advance the field of rehabilitation science and
engineering and more effectively address the needs of people with dis-
abling conditions. Thus, the committee’s first overarching recommenda-
tion is as follows:

Overarching Recommendation 1. Rehabilitation science and engineer-
ing should be more widely recognized and accepted as an academic and
scientific field of study. As such, the field should receive greater finan-
cial support, serve as the basis for developing new opportunities in
multidisciplinary research and education, and ultimately improve the
health and quality of life of people with disabling conditions. This new
field should be consistent with the model of the enabling—disabling
process that is defined and described in this report.

Emphasize Priorities

Many topics and areas require investigation, and identifying priori-
ties is not simple. The process cannot be based on prevalence alone or
simply on cost. Recommendations for specific rehabilitation science and
engineering research efforts are detailed in the individual chapters of this
report. In addition, Appendix A contains suggested research priorities
from various professional associations and other sources. Acknowledg-
ing the limited ability of any assembly of individuals to identify research
priorities with great acuity and detail, the committee chose instead to
describe general priorities that should be fundamentally important to any
research and to the advancement of rehabilitation science and engineer-
ing as a whole. Thus, the committee’s second overarching recommenda-
tion is as follows:

Overarching Recommendation 2. As the field of rehabilitation sci-
ence and engineering continues to evolve and gain recognition as an
academic and scientific field of study, three general priorities will
and should be of fundamental importance to its growth and to the
ultimate improvement of health, productivity, and quality of life for
people with disabling conditions: strengthen the science, focus on the
enabling-disabling process, and transfer the technology. (See Box 1.)

Enhance the Federal Effort

In general, weaknesses in the current spectrum of federal programs in
disability and rehabilitation-related research are not due to inappropriate
priorities or other problems within the programs themselves, but rather
to a general insufficiency in the magnitude of the overall program of
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BOX 1
General Priorities for Rehabilitation Science and Engineering

As the field of rehabilitation science and engineering continues to evolve and
gain recognition as an academic and scientific field of study, there are three gen-
eral priorities that will and should be of fundamental importance to its growth and to
the ultimate improvement of health, productivity, and quality of life for people with
disabling conditions.

1. Strengthen the science. Develop and validate accurate tools for measuring
and predicting functional limitations, disability, and outcomes.

2. Focus on the enabling—disabling process. Investigate critical factors in
the physical, social, and psychological environments that can affect transitions in
the enabling—disabling process over the lifecourse.

3. Transfer the technology. Develop and implement effective linkages be-
tween research and practice that will involve consumers, assure quality, and en-
hance service delivery.

research, its limited visibility, and a lack of effective coordination of the
overall constellation of programs. Thus, the constellation of federal re-
search programs in rehabilitation science and engineering needs to be
reorganized and administered in a fashion that will improve interagency
coordination, enhance visibility, and expand research for the purposes of
improving the health, independence, productivity, and quality of life for
people with disabling conditions.

As the largest federal program with a focus on disability and rehabili-
tation-related research, NIDRR’s program was of major interest to the
committee. The NIDRR mission and its constituency of people with dis-
abling conditions are fundamentally important to the research agenda of
rehabilitation science and engineering espoused by this committee. The
committee concluded, however, that despite vigorous pursuit of its mis-
sion, NIDRR has been restricted in its ability to fully execute its mission
primarily by virtue of its administrative position within the U.S. Depart-
ment of Education and the Interagency Committee on Disability
Research’s lack of real authority. An important example of the former is
the need for improved peer review processes that are unobtainable in the
present administrative location.

For the purpose of improving the overall federal effort and address-
ing the priorities described in Overarching Recommendation 2 above, the
committee makes the following overarching recommendation.

Overarching Recommendation 3. The committee recommends that the
NIDRR program of activities and its annual appropriation of approxi-
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mately $70 million be moved from the U.S. Department of Education to
the U.S. Department of Health and Human Services and that it serve as
the foundation for the creation of a new Agency on Disability and
Rehabilitation Research (ADRR). ADRR would assume the tasks that
were formerly assigned to the Interagency Committee on Disability
Research and be given enhanced authority through review of disability
and rehabilitation-related research plans and control of funding for
interagency collaboration. To further support and enhance the overall
federal effort, all major programs in disability and rehabilitation-re-
lated research should be elevated within their respective agencies or
departments. (Recommendation 10.1)

There are several advantages and benefits to be gained from moving
NIDRR to DHHS. First of all, the move would be an opportunity to re-
view the program’s mission and personnel, and make appropriate
changes to the program’s structure. Secondly, it would move NIDRR
closer administratively to NIH and CDC, which should facilitate coordi-
nation among the agencies. Finally, it would allow improvements in the
peer review process, including larger, more permanent peer review pan-
els that could be formed to allow for the review of a more heterogeneous
mix of applications, and broader representation (including people with
disabling conditions) on the review panels. In addition, moving NIDRR
from the U.S. Department of Education to the U.S. Department of Health
and Human Services would provide the program with a more nurturing
and supportive environment, raise the visibility of disability and rehabili-
tation as an important health issue, and perhaps most importantly, allow
it to serve more effectively as the core of an interagency coordinating
body for disability and rehabilitation-related research.

One of the most important activities of ADRR would be the coordina-
tion of federal research on rehabilitation science and engineering. To help
achieve this objective, ADRR would annually review plans for research in
the following year submitted by all relevant agencies and would also
have the ability both to fund interagency research and to enhance funding
in areas of identified need. To help ensure participation in the coordinat-
ing activities, ADRR could be supported in part by a set-aside fund from
the major agencies and by direct appropriation.

In keeping with the committee’s task of making recommendations
within differing levels of fiscal expenditure, Table 2 presents guidance on
how funds could be distributed in a configuration of programs consistent
with this committee’s recommendations. The table shows the present
funding levels and two options for expanded programs of research at a
cost of $100 million and $200 millon.
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Introduction

Advances in rehabilitation science are essential to realizing the Nation’s com-
mitment to equal opportunity, economic self-sufficiency, and full participation
of Americans with disabilities. There are important questions of the adequacy of
Federal efforts in both meeting the needs of the rapidly growing number of
Americans with disabilities, and in realizing the new opportunities of science
and technology on behalf of people with disabilities.

—Senator Robert Dole, 1995

The United States has long judged the success of its efforts to im-
prove the health of its citizens on the basis of mortality statistics. How-
ever, gains in human longevity have been accompanied by increases in
the incidence and prevalence of chronic impairments, functional limita-
tions, and disabilities. At this point in the evolution of the nation’s health
care system, emphasis has begun to shift from the quantity of life to the
quality of life. As a result, attention is now being focused not only on the
prevention and treatment of disease and injury but also on rehabilitation.

REHABILITATION: CONCEPTS AND DEFINITIONS

At its simplest, rehabilitation is the process of recovery from an
injury. At its most complex, it is the lifelong process of obtaining
“optimal function despite residual disability” (DeLisa et al., 1993, p.
3). The range between these two extremes encompasses a wide variety
of disabilities, specialties, and potential interventions. Regardless of
the specific setting or circumstances, however, rehabilitation is the pro-
cess by which physical, sensory, and mental capacities are restored or
developed in (and for) people with disabling conditions—reversing
what has been called the disabling process, and may therefore be
called the enabling process. This is achieved not only through func-
tional changes in the person (e.g., development of compensatory mus-
cular strength, use of prosthetic limbs, and treatment of posttraumatic
behavioral disturbances) but also through changes in the physical and

24
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social environments that surround them (e.g., reductions in architec-
tural and attitudinal barriers).

Three other terms and concepts require definition at the outset. Reha-
bilitation science, as defined in this report for the first time, is the study of
movement among states! in the enabling—disabling process. This involves
the fundamental, basic, and applied aspects of the health sciences, social
sciences, and engineering as they relate to (1) the restoration of functional
capacity in a person and (2) the interaction of that person with the sur-
rounding environment. Engineering is the application of science and math-
ematics by which the properties of matter and the sources of energy in
nature are made useful to people in machines, products, systems, and
processes. (Rehabilitation engineering is a field of engineering that is of
fundamental importance to both the restoration of function and the inter-
action of people with the environment.) Because of the importance of both
science and engineering in advancing rehabilitation efforts and address-
ing the needs of people with disabling conditions, the committee uses the
term rehabilitation science and engineering throughout this report to empha-
size the importance of both and their synergistic contributions in the pro-
cess of achieving optimal function.

As originally described by Saad Nagi in the 1950s and refined most
recently in the 1991 Institute of Medicine (IOM) report Disability in
America, the disabling process has four major components: pathology,
impairment, functional limitation, and disability (see Table 1-1). Pathology
refers to molecular, cellular, or tissue changes caused by disease, infec-
tion, trauma, congenital conditions, or other factors. An example is the
death of spinal cord neurons following injury. Impairment occurs at the
organ or organ systems level and results in an individual’s loss of a men-
tal, physiological, or biochemical function, or abnormalities in these func-
tions. Functional limitation is an inability or hampered ability to perform a
specific task, such as climb a flight of stairs.

A disability is defined as a limitation in performing certain roles and
tasks that society expects an individual to perform. Disability is the ex-
pression of the gap between a person’s capabilities and the demands of
the environment—the interaction of a person’s limitations with social and
physical environmental factors. Many disabling conditions are thus pre-
ventable or reversible with proper and adequate rehabilitation, including
environmental modification. A secondary condition is any additional physi-
cal or mental health condition that occurs as a result of having a primary
disabling condition. Secondary conditions quite often increase the sever-
ity of an individual’s disability and are also highly preventable.

IThe states in the enabling—disabling process (pathology, impairment, functional limita-
tion, and disability) are defined below.
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TABLE 1-1 Concepts of Pathology, Impairment, Functional Limitation,
and Disability (IOM, 1991)

Pathology

Impairment

Functional
Limitation

Disability

Definition

Interruption or
interference of
normal bodily
processes or
structures

Level of Reference

Cells and tissues

Example

Denervated
muscle in arm
due to trauma

Loss and/or
abnormality of
mental, emotional,
physiological, or
anatomical
structure or
function: includes
all losses or
abnormalities, not
just those
attributable to
active pathology;
also includes pain

Organs and organ
systems

Atrophy of muscle

Restriction or lack
of ability to
perform an action
or activity in the
manner or within
the range
considered normal
that results from
impairment

Organism—
action or activity
performance
(consistent with
the purpose or
function of the
organ or organ
system)

Cannot pull with
arm

Inability or
limitation in
performing socially
defined activities
and roles expected
of individuals
within a social and
physical
environment

Society—

task performance
within the social
and cultural context

Change of job; can
no longer swim
recreationally

Importance of Team Approach

Effective rehabilitation addresses an individual’s physical, psychologi-
cal, and environmental needs in an organized and personalized manner and
is not limited in the case of chronic conditions to some finite period of time
following the initiation of a disabling condition. It is only appropriate, then,
that an effective rehabilitation program would incorporate the views and
skills of many specialists and experts working together for a common goal.
Indeed, fundamental to the character and success of rehabilitation is the
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rehabilitation team, which often includes nurses, engineers, physicians, oc-
cupational therapists, physical therapists, physiatrists, speech-language pa-
thologists and audiologists, psychologists, orthotists and prosthetists, and
vocational counselors, among others.

The rehabilitative process reflects not only the intricacies of the hu-
man but also the complex nature of disability. Rehabilitation includes
both basic and applied science; it integrates human behavior and biology,
medicine, health sciences and engineering; and it subsumes many disci-
plines in the coordination of treatment for each person. Likewise, the
disabling condition rarely involves a single physiological system or falls
entirely in the realm of biology. The treatment must therefore similarly
affect the many facets of recovery, influencing the disabling condition, the
person, and the surrounding environment. Thus, the full course of reha-
bilitation ideally involves a team that is simultaneously multidisciplinary,
interdisciplinary, and transdisciplinary. Traditionally, these traits have
defined exclusive models for team interaction. In multidisciplinary teams,
for example, members work essentially singly and each participant acts as
an individual consultant, evaluating the individual and providing the
discipline-specific treatment recommendations. Interdisciplinary teams
feature free communication between the team members to provide inte-
grated care oriented toward the individual, and transdisciplinary teams
encourage members to cross over into the traditional treatment areas of
other disciplines. A fully integrated model combines each concept, draw-
ing on many specific fields of knowledge as a single unit and synergisti-
cally producing an outcome that holistically addresses the person and the
disability.

The team approach is important not only in practice but also in reha-
bilitation research, where much of the focus is turning to disability as the
result of the interaction between the characteristics of an individual with
disabling conditions and the characteristics of that person’s environment.
Rehabilitation programs and research are beginning to emphasize the
role of the environment in determining disability. As the understanding
of disability changes, the rehabilitation strategies have also begun to shift
toward environmental interventions. Although this concept of disability
is still developing, the team approach to rehabilitation has been a part of
the science since its origins.

ORIGINS OF SCIENCE AND
ENGINEERING IN REHABILITATION

Origins are almost always difficult to pinpoint. They depend on where
one looks, and people looking for them often look within their own areas
of expertise and within their own country of origin. French and English
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people may view the origin of photography differently. Similarly, French
and American people may argue about the origins of cinematography.
These arguments over origins appear frequently because discoveries and
developments often happened in parallel in different countries, but be-
fore recent advances in travel and communications, the coincidence of
these events was not known.

The Beginnings

Egyptian stelae and Roman mosaics have shown that technology has
been used in rehabilitation since antiquity, especially by people who had
undergone amputations and people who had had polio. Paintings by
Brueghel the Elder show the use of a number of simple technologies in the
16th century by people with disabling conditions.

Wars and conflicts have been primary stimuli for technological inno-
vations in the rehabilitation of people with disabling injuries. The armor
makers of the medieval era were skilled at making functionally effective
artificial hands and leg prostheses of metal and were probably early fore-
runners of today’s prosthetists and orthotists. In Goethe’s play The Iron
Hand, the noble German knight G6tz von Berlichingen remarks that his
iron hand had served him better in the fight than ever did the original of
flesh.

The Napoleonic wars fostered some technical innovations in rehabili-
tation, and the enormous number of amputations resulting from the U.S.
Civil War more or less created the prosthetics industry in the United
States. It was at that time that President Abraham Lincoln established the
Veterans Administration (VA; now the U.S. Department of Veterans Af-
fairs). At the same time, the federal government recognized the value of
science to the nation, and in 1863, the National Academy of Sciences was
established to be an independent, nonprofit adviser to the federal govern-
ment. However, it was World War I that set the stage for the modern
rehabilitation movement. Of particular note were the advances made in
Germany during and following that war.

Ferdinand Sauerbruch was one of the first surgeons to recommend
multidisciplinary scientific and engineering endeavors in rehabilitation.
In Zurich, in 1915, he worked together with Aurel Stodola, a professor of
mechanics at the Polytechnical Institute of Zurich, to produce a hand
prosthesis that was controlled and powered through muscle cineplasty.
Sauerbruch relied heavily on muscle physiologists and anatomists to as-
sist him with decisions about how to successfully bring muscle forces
outside the body using the surgical procedure of tunnel cineplasty, a
technique that he advanced at an army hospital in Germany. Sauerbruch
attributed his successful implementation of this technique to the
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multidisciplinary approach. Speaking of this development, he said:
“Henceforth, surgeon, physiologist, and technician will have to work to-
gether” (Sauerbruch, 1916).

Subsequently, at the Charity Hospital in Berlin, Sauerbruch worked
together with Konrad Biesalski of the Oscar Helene Heim Hospital to
devise better hand replacement techniques. Biesalski developed muscle
exercise and stretching equipment, which may have been some of the first
physical therapy equipment, for use in training and strengthening an
amputee’s muscles during the period following Sauerbruch’s tunnel cine-
plasty surgical procedures. Max Biedermann, a well-known German pros-
thetist, worked with them on designing and fitting arm and hand pros-
theses. This group worked together after World War I and was likely one
of the first rehabilitation teams to work cooperatively on limb replace-
ment. Sauerbruch considered the team approach key to his successes,
which were considerable, not only with limb prostheses and rehabilita-
tion but also open-chest surgery, which he pioneered. In addition to pro-
viding therapeutic devices, Biesalski reportedly developed the first statis-
tics on people with disabling conditions in Germany. Consequently,
Sauerbruch and Biesalski are among the earliest medical pioneers of reha-
bilitation science and engineering.

In the United States, World War I also created a large demand for
rehabilitation services as veterans with disabilities needed to be reinte-
grated into society and the workforce. As a result, U.S. surgeons studied
surgical and prosthetic rehabilitation methods in Europe, which influ-
enced U.S. amputation surgery practices and resulted in the greater pro-
vision of artificial limbs. Henry Kessler, an important early figure in the
U.S. rehabilitation field, for example, was a proponent of Sauerbruch’s
methods of cineplasty.

The needs of the veterans with disabilities provided fertile ground on
which many different rehabilitation specialties could take root. During
this period, occupational and physical therapists contributed not only to
the rehabilitation of veterans with disabilities but also to the growing
science underlying rehabilitation. Devices designed to measure range of
motion and strength, for example, made scientific recording of specific
activities possible (Hopkins, 1988). Thus, it is noteworthy that the
archetypical attributes of rehabilitation science and engineering were
forming simultaneously with the individual disciplines and that early
rehabilitation, closely connected with surgery and physical technologies,
was characterized by the use of the interdisciplinary team.

The rehabilitation needs of veterans following World War I (and
the need for treatment of poliomyelitis) served to stimulate the devel-
opment of the field of rehabilitation as a whole. Addressing these
national needs laid the groundwork for the development of many of
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the specialties that serve people with disabilities today. The forerun-
ner of the American Orthotic and Prosthetic Association, for example,
was formed in 1920 and the American Congress of Physical Therapy
was founded the following year. This period in American history also
saw the American Speech-Language-Hearing Association founded in
1925, American Congress of Rehabilitation Medicine formed in 1933,
American Academy of Orthopaedic Surgery founded in 1935, and
American Academy of Physical Medicine and Rehabilitation estab-
lished in 1938. Box 1-1 shows a timeline for the establishment of many
of the rehabilitation professional associations.

Birth of Rehabilitation Science and
Engineering in the United States

Modalities such as heat, cold, light, water, massage, and exercise have
long been used in medicine, and their use, and like that of prostheses, can
be traced to antiquity. As technologies have changed new techniques and
apparatuses have been added, such as electrotherapeutics, hydrotherapy,
diathermy, topical application of substances, and continuous-range-of-
motion machines. Through the years these modalities have been applied
by different kinds of physicians, health professionals, and other people.
Besides the use of physical modality therapeutic treatments, physical
therapists train people to use prosthetics and orthotics to assist them with
ambulation. Physical therapy originated to some extent out of physical
education and gained considerable status during World War 1. At that
time there were physical therapy physicians, and physical therapy techni-
cians. John Stanley Coulter, a physical therapy physician had consider-
able impact on the practice and professional development of the field of
physical therapy and on what was ultimately to become physiatry (the
name was formally recognized in 1946). The field of physical therapy
grew rapidly as a result of World War I and as a result of polio treatment
centers. It reached maturity during World War II. Its development paral-
leled the development of occupational therapy, prosthetics and orthotics,
and the field of physical medicine and rehabilitation.

Polio had a dramatic impact on rehabilitation in the United States,
and engineering was involved with polio in an interesting way. A physi-
cal therapist, Alice Lou Plastridge, who had given President Franklin
Delano Roosevelt muscle reeducation treatment, had a practice in Chi-
cago. One of her clients who had had polio was Margaret Pope, the daugh-
ter of a wealthy Chicago hosiery manufacturer. Henry Pope was dissatis-
fied with the braces prescribed for his daughter and had an engineer with
his company design new braces for her using aircraft construction tech-
niques. These braces were made available to others through the Pope
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BOX 1-1
Establishment of Rehabilitation-Related Professional Associations

1890 American Electrotherapeutic Association

1917 American Occupational Therapy Association

1921 American Physical Therapy Association (later, the American Physio-
therapy Association and then American Physical Therapy Association
again)

1925 American Speech-Language-Hearing Association

1933 American Congress of Rehabilitation Medicine

1935 American Academy of Orthopaedic Surgery

1938 American Academy of Physical Medicine and Rehabilitation

1947 American Board of Physical Medicine (accrediting board)

1954 Residency Review Committee for Physical Medicine and Rehabilitation

1967 Association of Academic Physiatrists

1969 International Rehabilitation Medicine Association

1970 American Academy of Orthotists and Prosthetics

1975 American Spinal Cord Injury Association

1976 Rehabilitation Nursing Foundation

1981 Rehabilitation and Engineering and Assistive Technology Society of
North America

Foundation. Pope also had an engineer with his company, Carl Hubbard,
design the first “Hubbard tank” in 1928. A Hubbard tank is a keyhole-
shaped tank for full-body immersion, used for hydrotherapy (Eisenberg,
1995). Pope and Bernard Baruch, the son of a physician/hydrotherapist at
Columbia University, provided funds for Hubbard tanks to be installed
in the therapy facilities at Warm Springs, Georgia. Plastridge later became
director of physical therapy at Warm Springs and made important ad-
vances in physical therapy. Baruch would became an important supporter
of rehabilitation in New York City.

World War II accelerated demands in military hospitals for rehabili-
tation professionals. During this period the focus of physical medicine
began to broaden from the recovery of ambulation and low-energy activi-
ties in individuals with disabling conditions to the comprehensive resto-
ration of an individual’s physical, mental, emotional, vocational, and so-
cial capacities (Kottke and Knapp, 1988). Innovators such as Howard Rusk
serving in military hospitals made great strides in rehabilitation, estab-
lishing the effectiveness of active rehabilitative processes that addressed
the physical and emotional needs of the soldiers over the passive, non-
physical convalescence that had been standard. World War 1II further-
more made U.S. society as a whole become aware of efforts in rehabilita-
tion and the necessity for more advanced treatments.
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The rise of the rehabilitation movement can be traced to efforts in
many areas, and orthopedic surgeons also played a significant role. Paul
B. Magnuson, a powerful Chicago orthopedic surgeon who once served
injured workers at the Chicago Stockyards hired John Stanley Coulter to
be the medical director of physical therapy at the Northwestern Univer-
sity Medical School. Besides starting the VA hospital system, Magnuson
also founded the Rehabilitation Institute of Chicago and believed de-
voutly in vocational rehabilitation.

Following World War II orthopedic surgeons influenced rehabilita-
tion programs all across the United States, being particularly known for
their work with children, human ambulation, amputation, and prosthet-
ics and orthotics. In physiatry, Frank Krusen was one of the earliest dis-
ciples of physical medicine and he along with Henry Kessler, Howard
Rusk, and George Deaver are regarded by many as pioneers of physical
medicine and rehabilitation. Rusk served in the Army Air Corps as direc-
tor of reconditioning and recreation. From his experiences with injured
airmen, he established many of the principles of rehabilitation that were
later incorporated into the programs of the Institute of Rehabilitation at
New York University, an institution that had a large impact nationally
and internationally on the field of rehabilitation. Rusk and Deaver, as
with Sauerbruch and Biesalski before them, advocated the team approach,
which has become an essential element of good rehabilitation.

This work in New York and all around the country was facilitated by
private citizens like Bernard Baruch and Mary Lasker. In Washington,
D.C,, it was supported by the VA, by the Vocational Rehabilitation Act of
1954, which permitted research and training funding for rehabilitation
through the U.S. Department of Health, Education, and Welfare (DHEW),
and by the Children’s Bureau of DHEW. Washington, D.C., administra-
tors like Mary Switzer and James Garrett of DHEW, Robert Stewart of the
VA Prosthetics and Sensory Aids Service, and General S. S. Strong, Jr. of
the National Academy of Sciences/National Research Council, Commit-
tee on Prosthetics Research and Development are just a few of the many
people who played instrumental roles in launching rehabilitation in the
United States.

Research in rehabilitation science and engineering mushroomed after
the war—stimulated partially by veteran amputees who were languish-
ing in hospitals and who were disappointed by the state of limb prosthet-
ics in 1945. Federal grants that funded those studies were the first such
grants issued to advance science and engineering in rehabilitation. As a
consequence of their lobbying, U.S. Army Surgeon General Norman Kirk
called for a meeting to select which prostheses would be best for World
War II veterans. That meeting, held in Chicago in January 1945, produced
recommendations for scientific and engineering studies of limb prosthe-
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ses. The federal grants that funded those studies were the first such grants
issued to advance science and engineering in rehabilitation.

The early studies were dramatically successful, and the period from
1945 to 1975 was one of the most productive periods in U.S. prosthetics
research. In 1945, Americans again looked to Europe for prosthetics ideas,
but this time these ideas were combined with an active research and
development program, coordinated by the Committee on Prosthetics Re-
search and Development (CPRD) of the National Research Council. Since
then, research and development efforts in the United States, particularly
work sponsored by VA but also Army and Navy research laboratories
and by the National Institute of Disability and Rehabilitation Research
(NIDRR), have made the United States a world leader in the field of
prosthetics and rehabilitation in general.

Among the noteworthy events and achievements during this devel-
opmental phase of rehabilitation science and engineering is the 1954 pub-
lication of the classic book Human Limbs and Their Substitutes, edited by
Paul E. Klopsteg, an engineer/scientist, and Philip E. Wilson, an
orthopedicist/rehabilitationist and published under the sponsorship of
the National Research Council (Klopsteg and Wilson, 1954). The book is a
milestone of the early results of federally funded research and develop-
ment in limb prosthetics. It illustrates the union of engineering and sci-
ence with medicine and rehabilitation. In the foreword to that book, Detlev
W. Bronk, President of the National Academy of Sciences, said, in part:

Science and technology have enabled man to increase the natural pow-
ers of his body. . . . This notable and significant book reveals how scien-
tists have extended that function by augmenting the powers of those
whose bodies have been crippled [sic] by injury or disease. . . . The great
accomplishments set forth in [this book] are in large part due to cooper-
ation of physicists and surgeons, of engineers and mathematicians. . . .
The designers of the devices and methods for rehabilitation here de-
scribed have made a lasting contribution of great benefit to mankind.
They have done more. They have given amputees courage and have
healed the psychological trauma, which is no less grievous than the bodi-
ly loss itself. I like to think that this furtherance of spiritual well-being is
the greatest contribution . . . [and] deserves special comment at a time
when human values could be obscured by too great emphasis on mate-
rial objectives (p. vi of Foreword).

The initial research work described in that book, conducted largely
through the military and VA, was so successful that it was soon copied by
civilian agencies and may be viewed as the beginning of most federal
support involving science, engineering, and technology in disability and
rehabilitation-related research. NIDRR’s predecessor agencies noted the
success of the prosthetics program and began funding similar research for
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civilian amputees. After all, the United States had more amputees result-
ing from war industry injuries (60,000) than from wartime combat (20,000).

This expansion of services from veterans to the general public spurred
an increase in research and training as the demand for new knowledge
and rehabilitation professionals still outweighed the growth of each. The
American Occupational Therapy Foundation, for example, was estab-
lished in 1965 to advance the science of occupational therapy, supporting
the education and research of its practitioners. Likewise, the Association
of Academic Physiatrists was formed in 1967 explicitly to increase oppor-
tunities in research and education.

In 1970, prosthetists and orthotists formed the American Academy of
Orthotists and Prosthetists, and research began to expand beyond ampu-
tations to other disabling conditions such as spinal cord injury, stroke,
and cerebral palsy. At about that time a new field called rehabilitation
engineering began to emerge, and the field has flourished in the United
States for the last 25 years, enabling many Americans with disabling con-
ditions to have access to the leading rehabilitation technologies in the
world. This did not happen by accident, but rather as a direct result of
federal research and development activities, including in particular those
sponsored by VA and NIDRR.

Rehabilitation Science and Engineering in the
U.S. Government

The year 1995 marked the 75th anniversary of the passage of the
Smith-Fess Act (Public Law 66-236), which originally authorized $750,000
for a program of federal grants-in-aid to state departments of education
for the vocational rehabilitation of civilians (nonveterans) with disabling
conditions (see Box 1-2). This “experimental” program, administered by
the Federal Board of Vocational Education, was reauthorized several times
and received permanent authority (and an annual budget of $2 million)
under the Social Security Act of 1935. Further amendments under the
Barden-LaFollette Act of 1943 (Public Law 789-113) expanded the pro-
gram to include disabled veterans and placed it under the Office of Voca-
tional Rehabilitation (OVR).

Much of the success of rehabilitation research within the OVR pro-
gram in the 1950s resulted from the strong leadership of one of OVR'’s
early leaders, Mary Switzer. Committed to the improvement of the qual-
ity of life for people with disabling conditions, she was a strong advocate
for people with disabling conditions before the U.S. Congress, resulting in
greatly increased budgets not only to provide rehabilitation services but
also to support training programs, fellowships, and support for research
in medical rehabilitation. During her administration, the concept of re-
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BOX 1-2
Time Line for Development of Federal
Rehabilitation-Related Programs

1920 Smith-Fess Act established the Vocation Rehabilitation Program under
the Federal Board of Vocational Education

1943 Barden-LaFollette Act expanded the Vocation Rehabilitation Program’s
scope to include physical restoration services

Office of Vocational Rehabilitation established within the Federal Security
Agency Administration

1945 The Committee on Prosthetics Research and Development formed at the
National Research Council

1954 The Office of Vocational Rehabilitation (OVR), under the U.S. Department
of Health, Education, and Welfare (HEW), expands to include private,
community-based rehabilitation programs and established a research
program within OVR)

1962 First rehabilitation research training centers (RRTCs) funded through the
OVR research program (RRTCs at the University of Minnesota and New
York University)

1963 Office of Vocational Rehabilitation is reorganized as the Vocational Reha-
bilitation Administration (this included a division of research with a spe-
cific appropriation for research and training grants) [Frank Corrigan,
NIDRR, personal communication, 1996])

1965 The Vocation Rehabilitation Program expands to include individuals “dis-
abled by a lack of education and social skills.”

1967 Vocational Rehabilitation Administration reorganized as the Rehabilitation
Services Administration

1972 Rehabilitation Engineering Research Centers

1973 Rehabilitation Act replaces Smith-Fess Act

1978 The Rehabilitation, Comprehensive Services, and Developmental Disabil-
ities Act becomes law

Title VIl (Independent Living) is added to Rehabilitation Act

National Institute of Handicapped Research (created from Rehabilitation
Services Administration Division of Rehabilitation Research)

1979 Department of Education created out of HEW

Office of Special Education and Rehabilitative Services established within
Department of Education

Rehabilitation Services Administration and National Institute for Handi-
capped Research moved from the U.S. Department of Health, Educa-
tion, and Welfare to Office of Special Education and Rehabilitation Ser-
vices, Department of Education

1986 Amendments to the Rehabilitation Act

National Institute for Handicapped Research renamed National Institute
for Disability and Rehabilitation Research

1988 Technology-Related Assistance for Individuals with Disabilities Act

1990 Americans with Disabilities Act

1991 National Center for Medical Rehabilitation Research formed within the

National Institutes of Health
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gional rehabilitation research and training centers was adopted and
funded by Congress and became a major resource for rehabilitation re-
search and research training.

An early need in the growing constellation of federal programs was
simple coordination. U.S. Army Surgeon General Norman Kirk saw the
need for better coordination of the emerging Army programs with those
in the Office of Scientific Research and Development and VA. As men-
tioned previously, he asked the National Research Council to form the
Committee on Prosthetic Devices—a joint effort by the Division of Medi-
cine and Surgery and the Division of Engineering—which advised the
agencies on how best to join the physicians and rehabilitation profession-
als with physical scientists and engineers to plan, undertake, and dissemi-
nate research. The committee lasted almost 20 years, although its name
changed to the Advisory Committee on Artificial Limbs and then to the
Committee on Prosthetic Research and Development, and it witnessed
many changes in federal administration and organization.

One of the largest changes came about as a result of the Vocational
Rehabilitation Amendments of 1954 (Public Law 83-565), which instituted a
multiple-program approach that included a separate system of grants for
rehabilitation-related research. OVR became part of the U.S. Department of
Health, Education, and Welfare and formed the National Advisory Council
on Vocational Rehabilitation to review its research and training programs in
rehabilitation science and engineering. In 1978, to provide a focus for these
activities, the U.S. Congress created the National Institute of Handicapped
Research (NIHR), which was initially staffed by researchers from OVR, the
predecessor of the Rehabilitation Services Administration (RSA).

Thus, by congressional action, NIHR became the lead agency for co-
ordinating disability research, development, demonstration, dissemina-
tion, training, and related activities. Renamed NIDRR in 1986, it also has
responsibility for coordinating rehabilitation research activities among
other federal agencies, including the National Institutes of Health, Na-
tional Science Foundation, National Aeronautics and Space Administra-
tion, and the U.S. Departments of Veterans Affairs, Education, and Labor.

The Rehabilitation Act of 1973, as amended, with its authorizations
for the research and other programs of RSA, expires in 1997. A thorough
review and possible change can be expected under the 105th Congress in
preparation for reauthorization.

ORIGIN, SCOPE, AND ORGANIZATION OF THE REPORT

In light of the many and varied programs in rehabilitation research
and the growing number of people with disabling conditions, Senator
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Robert Dole introduced the following into Senate Report 103-318, from
the Committee on Appropriations:

Advances in rehabilitation science are essential to realizing the Nation’s
commitment to equal opportunity, economic self-sufficiency, and full
participation of Americans with disabilities. There are important ques-
tions of the adequacy of Federal efforts in both meeting the needs of the
rapidly growing number of Americans with disabilities, and in realizing
the new opportunities of science and technology on behalf of people
with disabilities. The committee believes an independent assessment of
the current Federal efforts in rehabilitation science and engineering is
warranted and requests that the Secretary [of Health and Human Servic-
es] make appropriate arrangements with the Institute of Medicine or a
similar independent entity to undertake such a review. The study should
include an assessment of funding and manpower development, and
make recommendations for the improvement of Federal rehabilitation
science efforts (Senate Report 103-318).

In response to this congressional request and subsequent negotia-
tions with the Office of the Assistant Secretary for Health in the U.S.
Department of Health and Human Services, the Institute of Medicine
appointed a committee to review and consider (1) the current status of
research in rehabilitation science and engineering, (2) the unmet needs of
rehabilitation that require new approaches from science and engineering
and that take into account the social and behavioral contexts of the indi-
vidual, and (3) the best strategies for achieving the necessary level of
research and medical expertise to address those needs.

More specifically, the Institute of Medicine assembled a committee
with expertise in rehabilitation science and engineering, health policy,
basic biomedical rehabilitation and clinical research, assistive technology,
social science, program evaluation, economics, and public administration
and policy to address the following tasks:

o Assess and evaluate the current content, quality, and adequacy of the
knowledge base in rehabilitation science and engineering. Therefore, in this
report the committee evaluates the status of professional disciplines in-
volved in rehabilitation science; the related needs for education, training,
and research; and the potential need for a new discipline in rehabilitation
science and engineering.

o Euvaluate the utility of current rehabilitation models as they reflect the
interdisciplinary and multidisciplinary nature of rehabilitation and the interac-
tion of the person with the environment. To do this, the committee examines
the integration of the various professions in rehabilitation science and
considers the potential benefits of improved rehabilitation science and
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engineering in terms of clinical practice, individual function, quality of
life, independence, and work productivity and reduced costs in health
care and long-term care.

o Describe and recommend mechanisms for effective transfer and clinical
translation of scientific findings, advances, and information that will promote
health and health care for people with disabilities and disabling conditions. The
committee does this by identifying obstacles and barriers to the effective
translation of progress in science and clinical practice.

® Review and critically evaluate current federal programmatic efforts in
rehabilitation science and engineering as to their productivity, relevance, and
coordination. The committee thus describes potential organizational and
administrative options for implementing an enhanced national program,
establishes priority research categories within the context of resource limi-
tations, and makes recommendations for enhanced coordination among
federal researchers and research programs.

The remainder of this report is organized into Chapters 2 to 11 and
Appendixes A to D. Chapter 2 describes the magnitude, costs, and poten-
tial savings associated with disability and rehabilitation; Chapter 3 dis-
cusses a new model of the enabling—disabling process as a framework for
the discussion and analyses that occur in the subsequent chapters. Chap-
ters 4, 5, and 6 present the status and needs for research in the areas of
pathology and impairment, functional limitation, and disability, respec-
tively. Chapter 7 describes health services research in rehabilitation sci-
ence and engineering. Chapter 8 discusses issues related to technology
transfer, and Chapter 9 discusses education. Chapter 10 discusses the
organization and administration of rehabilitation-related research in the
federal government and makes recommendations for improvement. The
final chapter of the report (Chapter 11) provides overarching recommen-
dations, identifies general priorities for future research, and presents a
table that shows the relationship of the overarching recommendations
and general priorities to the recommendations in the preceding chapters.

The appendixes present a description of the committee’s data collec-
tion and analysis methods (Appendix A), summary descriptions of fed-
eral research programs in disability and rehabilitation-related research
(Appendix B), a preliminary draft taxonomy (Appendix C), and brief
biographies of the committee members and staff who prepared the report
(Appendix D).

Table 1-2 lists each of the individual tasks that the committee ad-
dresses in this report and the chapter(s) that contains the majority of the
committee’s response to them.
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Task

Committee Action

Assess and evaluate the current content,
quality, and adequacy of the knowledge base
in rehabilitation science and engineering.

Evaluate the utility of current rehabilitation
models as they reflect the interdisciplinary
and multidisciplinary nature of
rehabilitation and the interaction of the
person with the environment.

Describe and recommend mechanisms for
effective transfer and clinical translation of
scientific findings, advances, and
information that will promote health and
health care for people with disabilities and
disabling conditions.

Review and critically evaluate current
federal programmatic efforts in rehabilitation
science and engineering as to their
productivity, relevance, and coordination.

e Chapters 4-6 address research and
the knowledge base in each state of the
enabling—disabling process (i.e.,
pathology, impairment, functional
limitation, and disability).

e Chapter 7 discusses health services
research.

e Chapter 9 discusses rehabilitation
science and engineering as a scientific
and academic field of study.

e Chapter 3 describes current models
of disability and presents the
committee’s enhancements for a model
of the enabling-disabling process.

e Chapter 8 identifies both barriers
and current mechanisms for technology
transfer.

e Chapter 10 describes the federal
effort in funding research in
rehabilitation science and engineering,
and the strengths and weaknesses of the
individual programs as well as the
combined, overall effort.

e Chapter 11 describes overarching
recommendations and general priorities
and shows their relationship to
recommendations in the individual
chapters.
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Magnitude and Cost of
Disability in America

Understanding the importance of rehabilitation science and engineer-
ing and the potential impact that it might have on improving the health of
the nation first requires an understanding of the current status of the
incidence, prevalence, costs, and potential savings associated with reha-
bilitation. This chapter describes the various types of disabling conditions
and their frequencies of occurrence in the United States as measured by
various surveys and other means. It also attempts to characterize the
associated costs and savings that can be realized through effective reha-
bilitation.

The most recent estimates of the number of people with disabilities is
49 million noninstitutionalized Americans (McNeil, 1993). Almost 4 per-
cent of the U.S. population have disabling conditions so severe that they
are unable to carry out the major activities of their age group (playing,
attending school, working, or attending to self-care) (Institute of Medi-
cine, 1991). An additional 6 percent are restricted in their major activities,
and another 4 percent are limited in other types of activities.

In addition to and partly as a result of the loss of human function,
enormous economic costs are associated with disabling conditions. Esti-
mates vary but seem to hover around an aggregate annual cost of ap-
proximately $300 billion, including the cost of the medical resources used
for care, treatment, and rehabilitation; reduced or lost productivity; and
premature death.

As described in several reports, including Disability in America
(I0OM, 1991), numerous federal programs exist for people with dis-
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abling conditions. Most recently, a report by the National Academy
for State Health Policy identified 129 separate programs administered
by 14 different federal agencies, with annual funding of $175 billion.
Approximately 95 percent of this money is allocated for income sup-
port and medical coverage. The remainder is divided among research
and a variety of service-related activities, especially in the areas of
education, housing, and transportation.

The federal government’s largest program in rehabilitation research
is located in the National Institute on Disability and Rehabilitation Re-
search (NIDRR) in the U.S. Department of Education. As mandated by the
U.S. Congress, NIDRR also has primary responsibility for coordinating
rehabilitation research among federal agencies. The NIDRR director is the
chair of the Interagency Committee on Disability Research (ICDR), which
is charged with promoting communication and joint research activities
among the committee’s member agencies.

Other agencies involved in conducting rehabilitation research include
the National Institutes of Health (NIH) and the U.S. Department of Veter-
ans Affairs (VA). In 1984, NIH described 688 rehabilitation-related re-
search projects in addition to other basic studies that help to elucidate the
biological underpinnings of impairment and disability. In 1990, a new
center, the National Center for Medical Rehabilitation Research (NCMRR),
was established at NIH to help coordinate and focus specifically on medi-
cal rehabilitation research. VA supports a rehabilitation-related research
program that allocates approximately $22 million to fund more than 175
separate projects at 60 VA medical centers.

MAJOR NATIONAL SURVEYS

The main source of statistics on people with disabling conditions are
the federal surveys based on nationally representative samples of the
noninstitutionalized U.S. population.

National Health Interview Survey

The National Health Interview Survey (NHIS) is a household survey
sponsored by the National Center for Health Statistics (NCHS) and is
designed to assess the health status of Americans. In 1994, the survey
consisted of interviews with 116,179 people in 45,705 households. It in-
cludes questions related to disability such as degree of activity limitation
and provides information by demographic variables such as age, race,
and gender.
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Activity Limitations

In NHIS terminology, disability is defined as activity limitation. Ac-
tivity limitation is defined at three levels: (1) inability to carry out a major
activity, (2) limitation in the amount or kind of major activity that can be
carried out, and (3) limitation in carrying out a nonmajor activity. Major
activities considered usual for one’s age group are defined as ordinary
play for children under 5 years of age, attending school for children ages
5 to 17, working or keeping house for people ages 18 to 69, and capacity
for independent living (ability to bathe, shop, eat, and care for oneself
without the assistance of another person) for people ages 70 and older.
Nonmajor activities include social, civic, or recreational pursuits. The 1994
NHIS estimate of the number of people limited in activity because of
chronic conditions was 39 million, or 15 percent of the civilian
noninstitutionalized population. Of these 39 million people, 18.2 million
were male and 20.8 million were female; 32.4 million were white and 5.4
million were African American. Residents of the South (16.3 percent) and
rural areas (17.6 percent) had a slightly higher prevalence of disability
than did residents of other locations.

Table 2-1 presents disability rates by demographic characteristic for
the 1992 NHIS. Table 2-2 indicates the prevalence of activity limitations,
limitations in the self-reported ability to work among people 18 to 69
years, and limitation in activities of daily living (ADL) and instrumental
activities of daily living (IADL) among people over age 5 years by the
impairments and diseases or disorders causing the limitation. The data
summarize information from LaPlante and Carlson (1996) and are de-
rived from analyses of the 1992 National Health Interview Survey (NHIS)
conducted by the Bureau of the Census for the National Center for Health
Statistics. NHIS surveyed a stratified random sample of the
noninstitutionalized population of the continental United States and had
approximately 110,000 respondents. Sampling weights associated with
each respondent allowed for the estimation of the total number of people
in the continental United States with limitations associated with impair-
ments and conditions.

Total Prevalence Table 2-2 presents data on the prevalence of activ-
ity limitations associated with major classifications of impairments and
diseases or disorders, including the number of people with the particular
classification and limitation and the proportion of all activity limitations
attributed to the classification. Overall, in excess of 61 million impair-
ments or diseases and disorders contributed to activity limitations in 1992;
of these, 16.3 million were impairments (26.7 percent of the total) and the
remaining 44.7 million were diseases or disorders (73.3 percent). Among
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TABLE 2-1 Crude and Age-Adjusted Rates of Limitation in Activity, by
Selected Sociodemographic Characteristics, 1992

Crude Rate Age-Adjusted Rate
Characteristic (percent) (percent)
Gender
Male 14.6 15.2
Female 15.4 14.8
Race or origin
Native American 17.6 20.8
Asian or Pacific Islander 7.2 9.0
Black non-Hispanic 15.9 18.3
Black Hispanic 13.7 16.5
White non-Hispanic 15.8 14.9
White Hispanic 10.4 14.1
Other and unknown 10.3 13.1
Education
< 8 years 38.4 28.5
9-11 years 25.6 24.6
12 years 17.1 17.6
13-15 years 13.9 16.6
16 years 11.5 13.0
Unknown 21.3 18.9
Geographic region
Northeast 13.7 13.1
Midwest 14.7 14.7
South 16.3 16.3
West 14.5 15.2
Urban/rural
Metropolitan area 14.4 14.6
Central city 15.4 15.9
Not central city 17.3 13.8
Nonmetropolitan area 17.3 16.4
Nonfarm 17.6 16.8
Farm 13.6 11.2

SOURCES: LaPlante and Carlson (1995), Table A; 1992 National Health Interview Survey.

impairments, orthopedic impairments were the most common classifica-
tion contributing to limitations, with a total of 8.6 million conditions ac-
counting for 14.1 percent of all conditions that contribute to limitations. In
excess of 1 million cases each of visual or hearing impairment, learning
disability or mental retardation, and paralysis contributed to limitations,
although none of these classifications individually accounted for more
than 2.6 percent of all conditions contributing to an impairment.

The most common major classifications of disease and disorder con-
tributing to activity limitations included musculoskeletal and connective
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tissue disorders (accounting for 17.2 percent of all conditions contributing
to limitations), circulatory conditions (16.7 percent), respiratory condi-
tions (7.8 percent), and nervous system and sensory organ conditions (7.2
percent).

Disability with a Primary Cause Table 2-2 also presents estimates of
the major classifications of impairments and diseases or disorders re-
ported by NHIS respondents as the main cause of their limitations; the
number of people with each major classification as the main cause of their
limitation and the proportion of all causes of limitation for which the
particular classification is the main cause are presented. A total of 37.7
million people reported activity limitations in 1992. Of these, 10.9 million
(roughly 2/3 of all 16.3 million individuals with an impairment) stated
that any form of impairment was the main cause of their limitation. The
probability that a condition will be reported as the main cause of limita-
tion differs dramatically among impairments. Thus, only 43.1 percent of
visual impairments were said to be the main cause of limitation, whereas
88.2 percent of the cases of learning disability or mental retardation were
reported to be the main cause of limitation. In terms of prevalence, ortho-
pedic impairments were the most common main cause of limitation.

More than 26.8 million people, or just under 60 percent of all 44.7
million people with diseases or disorders contributing to limitation, stated
that a disease or disorder was the main cause of their limitation. Diges-
tive, endocrine, nutritional, metabolic, immunologic, blood and blood-
forming organ, and skin and subcutaneous conditions are least likely to
be reported as the main cause of activity limitation, whereas respiratory,
musculoskeletal, and connective tissue conditions, mental conditions, con-
genital anomalies, neoplasms, and infectious diseases are most likely to
be reported as the main cause of activity limitation. In terms of preva-
lence, musculoskeletal and connective tissue and circulatory conditions
are the most common diseases and disorders listed as the main cause of
limitation.

Impairment and Work Limitation NHIS asked people 18 to 69 years
of age questions about work limitations. Table 2-2 indicates the frequency
of conditions contributing to work limitations and the proportion of all
work limitations associated with each major classification of impairment
or disease and disorder. In 1992, more than 31.3 million people reported
having a condition that contributed to a work limitation. Of these, in
excess of 8.5 million (27.3 percent of all people with conditions contribut-
ing to work limitations) had impairments that contributed to work limita-
tions. Orthopedic impairments were again the most common form of
impairment contributing to work limitations; more than 5.2 million cases
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of orthopedic impairment were cited, which represents 16.8 percent of all
conditions affecting work capacity. Other impairments that were com-
mon causes of work limitation included visual impairments (mentioned
580,000 times), paralysis (552,000 times), and learning disabilities or men-
tal retardation (546,000 times).

In excess of 22.7 million cases of disease or disorder were reported to
contribute to work limitations, representing 72.5 percent of all conditions
contributing to such limitations. The most common diseases and disor-
ders contributing to work limitations include musculoskeletal and con-
nective tissue disorders (5.4 million individuals), circulatory diseases (5.1
million individuals), and nervous system and sensory organ conditions
(2.1 million individuals).

Impairment and Daily Life Finally, Table 2-2 indicates the number
of conditions contributing to limitations in ADL or IADL and the propor-
tion of all such limitations associated with each major classification of
impairment or disease or disorder. The data concerning ADL or IADL
limitations are limited to persons age 5 years or older. In 1992, in excess of
9.2 million individuals indicated that they had conditions that contrib-
uted to ADL or IADL limitations. Of these, 2.3 million (about 25 percent of
all people with conditions contributing to ADL and IADL limitations)
had impairments that contributed to ADL and IADL limitations. A total
of 988,000 individuals had orthopedic impairments that contributed to
ADL or IADL limitations; other impairments mentioned included learn-
ing disabilities or mental retardation (399,000 individuals), paralysis
(278,000 individuals), and visual impairment (254,000 individuals). All
forms of diseases or disorders contributed to ADL or IADL limitations in
more than 22.7 million individuals, or roughly 3/4 of the total. The most
common major disease classifications contributing to this form of limita-
tion included musculoskeletal and connective tissue disorders (1.9 mil-
lion individuals), circulatory conditions (1.6 million individuals), and ner-
vous system and sensory organ conditions (884,000 individuals).

Prevalence of Activity Limitation in Children Among children un-
der the age of 18 years, an estimated 4.0 million (6.1 percent of the U.S.
population under the age of 18 years) have some type of disabling condi-
tion.* Disability in this age group is defined differently from disability in
adults and includes any limitation in activity due to a chronic health

*The committee believes that, given the potential for effective interventions that can en-
able people with disabling conditions, most of these conditions should be strictly defined as
potentially disabling conditions. For the sake of readability, however, we use the term dis-
abling condition throughout this report with the intent that “potentially” is understood.
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condition or impairment. Work limitations for adults are translated to
limitations in play (under age 5 years) and school-related (ages 6 to 17
years) activities, because these are major activities for children. Play is one
of the most important ways that children learn about the world. If play
and activity are absent during early life, an important part of the founda-
tion on which the child’s life is based will be missing. Engineering and
technology, in association with rehabilitation science, can provide substi-
tute play and activities to compensate for the typical play and activities
that may be missed. Like those for adults, the findings presented in this
section were derived from analysis of data from the 1992 NHIS. Data
were collected from households of the noninstitutionalized U.S. popula-
tion by asking questions of parents and guardians. Children were not
interviewed or observed.

Play and School Activities The prevalence of children with disabling
conditions is greatest in those attending school and represents 7.4 to 7.6
percent of all children ages 5 to 17 years (Wenger et al., 1996) (Table 2-3).
The majority of these children with disabling conditions are unable to
perform a major activity or are limited in the amount or kind of major
activity that they can perform. More males than females are represented
among children ages 5 to 17 years with disabilities (Wenger et al., 1996)
(Table 2-4).

Distinct Childhood Pattern The data on impairments and diseases
associated with all children with disabling conditions reveals a pattern
distinct from that for adults. The major impairment associated with dis-
abilities is mental retardation or Down’s syndrome, occurring in 15.8 per-
cent of all children with disabilities (Wenger et al., 1996) (Table 2-5). This
is followed by speech impairments (6.7 percent), hearing impairments
(3.8 percent), and learning disabilities (2.8 percent), whereas orthopedic
impairments (2.9 percent) and deformities (e.g., spina bifida) (2.7 percent)
are not as prevalent in children as they are in adults.

Similarly, the major disease or disorder (i.e., pathology) associated
with children with disabling conditions differs from that for adults be-
cause diseases of the respiratory system (23.6 percent) supplant cardio-
vascular disease in adults. Asthma is the leading respiratory disease asso-
ciated with disability in children (19.8 percent); mental disorders (8.8
percent) and diseases of the nervous system and sense organs (7.5 per-
cent) are the second and third most prevalent causes, respectively, of
disabling conditions in children. Diseases of the musculoskeletal system
and connective tissue are not as dominant in children with disabilities as
in adults with activity or work limitations (Table 2-5).

In summary, the pathologies and impairments associated with child-
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TABLE 2-3 Number and Percentage of Children Under Age 18 with
Disabilities, by Degree of Limitation and Age, 1992
Under Age 5 Ages 5 to 13 Ages 14 to 17
Number Number Number
(thou- (thou- (thou-
Group sands) Percent sands) Percent sands) Percent
With disability (limited
in activity) 547 2.8 2,479 7.4 1,021 7.6
No disability (not limited
in activity) 19,110 97.2 30,899 92.6 12,429 924

Definitions of “major
activity”

Degree of activity limitation:
Unable to perform

Play activities

major activity 123 0.6
Limited in amount or
kind of major activity 280 14
Limited, but not in
major activity 145 0.7
Total 19,657  100.0

Attending school

185 0.6
1,674 5.0
620 1.9
33,378 100.0

Attending school

88 0.7
607 4.5
326 2.4

13,450 100.0

SOURCE: LaPlante and Carlson (1995).

TABLE 2-4 Number and Percentage of Children Aged 5 to 17 with
School-Related Disabilities, by Degree of Limitation and Gender, 1992

Total Males Females
Number Number Number
(thou- (thou- (thou-
Group sands) Percent sands) Percent sands) Percent
Has school-related disability 2,554 55 1,520 6.2 1,034 4.5
Has disability, but not
school related 946 2.0 561 2.3 385 1.7
No disability 43,328 92.5 21,888 91.3 21,440 93.8
Degree of school-related
disability:
Unable to attend school 273 0.6 154 0.6 119 0.5
Attends special school or
classes 1,484 3.2 924 3.9 560 2.4
Needs special school/
classes but does not
attend them 245 0.5 155 0.6 90 0.4
Otherwise limited in school 552 1.2 287 1.2 265 1.2
attendance
Total 46,828 100.0 23,968 100.0 22,860 100.0

SOURCE: LaPlante and Carlson (1995).
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TABLE 2-5 Health Conditions and Impairments Causing Disability in
Children Under 18, by Broad Condition Category, 1992

Prevalence
Impairment, Disease, or Disorder (thousands) Percent
Impairments 2,069 41.6
Visual impairments 83 1.7
Hearing impairments 190 3.8
Speech impairments 335 6.7
Learning disabilities 167 3.4
Mental retardation/Down’s syndrome 786 15.8
Absence or loss 18 0.4
Paralysis 140 2.8
(cerebral palsy) 99 2.0
Deformities 134 2.7
(spina bifida) 17 0.3
Orthopedic impairments 144 29
Other and ill-defined impairments 69 1.4
All Diseases and Disorders 2,906 58.4
Infectious and parasitic diseases 47 0.9
Neoplasms 38 0.8
Endocrine, nutritional and metabolic diseases and
immunity disorders 72 1.4
Diseases of the blood and blood-forming organs 32 0.6
Mental disorders (excluding mental retardation) 440 8.8
Psychoses 25 0.5
Neurotic, personality, and other nonpsychotic
mental disorders 415 8.3
Diseases of the nervous system and sense organs 375 7.5
Diseases of the nervous system 214 4.3
(Epilepsy) 123 2.5
Diseases of the eye 72 1.4
Disorders of the ear 89 1.8
Diseases of the circulatory system 63 1.3
Diseases of the respiratory system 1,174 23.6
(Asthma) 987 19.8
Diseases of the digestive system 70 1.4
Diseases of the genitourinary system 33 0.7
Diseases of musculoskeletal system and connective tissue 48 1.0
Diseases of the skin and subcutaneous tissue 61 1.2
Congenital anomalies 108 2.2
Symptoms, signs, and ill-defined conditions 279 5.6
Injury and poisoning 66 1.3
All Conditions 4,974 100.0

SOURCE: LaPlante and Carlson (1995).
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hood functional limitations and disabilities appear to be distinct from
those for adults. This suggests that a research emphasis on pathology and
impairment in rehabilitation science and engineering should reflect the
fact that disabling conditions among children are distinct from those
among adults. Also, the prevention or reversal of the most prevalent
causes of activity limitations among adults might begin in childhood.

Functional Limitations

The questions in NHIS also address the need for personal assistance
in activities of daily living, such as eating, bathing, dressing, and getting
around the home, and instrumental activities of daily living, which are
everyday household chores, necessary business, shopping, or getting
around for other purposes.

Chronic Conditions Causing Disability

In the NHIS respondents identify chronic conditions that cause activ-
ity limitations. A condition is considered chronic if either (1) it was first
noticed 3 months or more before the reference date of the interview or (2)
it is a type of condition generally considered chronic by NCHS, regardless
of the time of onset, such as diabetes. Most chronic conditions do not have
high risks of disability. About 12 percent of conditions identified in NHIS
cause activity limitations, the broadest measure of disability. Impairments
have the highest risk of becoming a disabling condition. Of the conditions
reported in NHIS to cause activity limitations, heart disease ranks first,
followed by back disorders, arthritis, orthopedic impairments of the lower
extremity, and asthma (LaPlante and Carlson, 1996) (Table 2-6).

Families and Disability

Prevalence estimates of disability have focused on the individual as
the unit of analysis. A new study looks at disability prevalence with the
family as the unit of analysis (LaPlante and Carlson, 1995). It examines the
composition of families with members with disabling conditions in com-
parison with the composition of families without a member with a dis-
abling condition, their demographic and socioeconomic characteristics,
and their utilization of health services. The study found that an estimate